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SECTION OF THE X2 ATRPLANE
By Roacoe H. Goodwin

SUMMARY

A supplementary stabllity investiga.tion has been conﬂ.ucted. in the
Langley 20—foot. free—spinning tumnnel on a 13;5— scale model of the
Jettisonable nose section of the Bell X2 alrplane. In a previous

stabiliza.tion was determined. The I:resent investigation was conducted -
in an attempt to find a fin configuration that would stabilize the nose’
section with less fin srea and to determine the size fin required if
they were curved to permit retraction against the fuselsge in normal
flight. Brief tests were slso made Lo determine the effect of various
bridle—line arra.ngements ‘ort the effectivensss of a pardchute attached
to the rear of the nose section in preventing rota:bions of the nose
during free fall. S

The resulis of the investigation indicated that the fin area
necessary for stabilization could he approximately halved by changing )
their configuration to thet recommended herein asnd that the nose section
could be stabilized by curved fins of this configuration. It was also
indicated that the bridle—line srrangement used Iin attaching a o
statilizing parachute to the rear of a nose section did not a.pprecia.‘bly ' )
sglter the effectiveness of the parachu‘be in preventing rotations of the
nose section during free fall.

INTRODUCTION

The NACA is conducting a genmeral investigation of methods of safe
pilot escape from high-speed aircraft. One method that has Teen
rroposed for the X2 airplane and for Bevera.l other recent designs is
to Jottison. the nose of the. a.irplane at a breskoff station immediately :
rearward of the pilot. Tt is planned that after the nose has teen - o]
Jettisoned and its speed _hos decressed, the rilot will leave the nose .
section and degcend with his ;para.chute {

iy
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Ag pointed out in reference 1, low—speed tests of a %—sc&le model

of the X2 Jettiscnable nose sectlon in the Langley 20—foot free—
spinning tummel imdicated that the alrplsne nose section in its
original configuration is inherently umnstable and that if Jettisoned
in this condition would undergo rotations which would cause acceler—
ations dangerous to the pilot. Recent results (data unpudblished)
obtained with a model of a Jettlsonable nose section of another airplane
have indicated that the rotary motion of an unstable nose Jettisoned at
high speed may not necessarily be similar to that Indicated at low
speed, but that even if the nose does not rotate it will tend to trim
away from a nose—first flight attitude which may cause decelerations
dangerous to _the pillot. It appears that if the nose could be made to
contimue flying in a nose—first stable attitude after being jJettisomed,
the deceleration would not be excessive and, in addition, would act on
the pilot's body in the direction (tra.nsverse} in which humn tolerance
to acceleration is greatest.

Test data which indicate that flat fins of triangmler shape could
be used to stabilize the X2 nose sectlon are presented in reference 1.
In an attempt to reduce the slze of stebilizing fin necessary and to
gimplify the problem of fin retraction, the present supplementary
investigation was made. It wae indicated by the contractor that the
center of gravity could not be moved forward as recommended in
reference 1, but that the fins tested durlng this Investigation could
oxtend behind the nose hreakoff station whereas those of reference 1
d1d not. The present investigation also Included brief tests to
determine the effect of various bridle—line arrangements on the
effectiveness of a parachute attached to the rear of the nose section
in preventing rotatlons of the nose section during free fall when no
fing were installed on the nose sectlon.

SYMBOLS

L length of nose section (center—of—gravity location is
expressed ag a percentage of this length from the
front end of the nose section)

X, 1, z longitudinal, lateral, and normal body axes, respectively,
through center of gravity of nose

Ix, Iy, Iz full-scale values of moments of Inertia about X, ¥,
and Z body axis, respectively, slug—feet?

o air density, slugs per cubic fool
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v airspeed, feet per secord
Cp,, drag coefficlent of parachute [ —2L8&
Lov2
278y
S rojJected area of fully inflated parachute, square feet

APPARATUS AND METHODS

Model

The tests were mede with a -]':"—5-scale model of the jettisonable nose

section of the Bell X2 airpleme, the same model used for the tests
reported in reference 1. Fhotographs of the model are presented as
figure 1 snd a drawing of the model ls shown in figure 2. The various
stabilizing fins tested on the model are included in figure 2.

For the parachute tests, a %-1nch—d.iameter hemispherical—type

parachute made from cloth having a porosity of 400 cubic feet of air
Plow per square foot per mimute measured at a pressure of 1/2 inch of
water was used. When open in the tunnel air stream, the parachute was
steble and slined itself sprroximately with the direction of the air
stream. The drag coefficient of the perachute CDP was 1.0 baged on

its projected arsa. Figure 3 is a drawing of the model showing the
various methods of attaching the parachute and the nomenclature and
dimensioning system used for the parachute tests.

Wind Tunnel and Testing Technigue

The model tests were performed in the Lengley 20-foot free-spinning
tunnel, the operation of which is, In general, similar to that described
in reference 2 for the Iangley 15—Foot free—spinning tumnel, except that
models are now launched inbo the vertically rising alr stresam by hand
rather then from a spindle. A photograph which shows the test section
of the langley 20—Foot free—gpimming tunnel with a typlical spin—tummel
airplane model spinning in the tunnel is shown as figure L.

The testing technique used in deﬁermining fin size required for
stabilization was essentislly the same as that of reference 1. For
the parachute tests, the model was held in the vertically rising air
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gtream until the parachute inflated and was then released to float in
the test section while a motion—picture record was msde of its behavior.
The angles that the model made with the relative wind (angle of attack
and engle of yaw) were read from this record and used as a basis of
comparigson for the various arrangements tested.

Test Condition and Precision

The mass characteristics of the %-séale model of the X2 Jetti—

sonable nose are presented in table I. The fin arrangements tested on
the model are indicated In figure 2. The various arrangements for
parachute stabilization are imdlcated in figure 3.

The accuracy of measuring the weight and mass distribution of the
model is helieved to be similsr to that of reference 1 and within the
following 1imits:

Weight, percent . . . c70 v & ¢ v v ¢ ¢ o o o o o o o « « o o &
Center—of—gravity locabion, Inches . . ¢ ¢ ¢« « ¢ ¢« « ¢« o« o « « « 20.01
Moments of inertia, slug-feete:
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RESULTS AND DISCUSSION

Stabilization by Fins

A tabulation of the fin-stabilization test results obtained during
the investigajion is rmresented in teble IT.

The requirement that the fins be capsble of retraction by folding
againat the sides of the fuselage lmposes & definite limitation upon
their spanwise dimension since they should not overlep when retracted.
It wes necessary, therefore, in the present investigation to use fins
with an aspect ratio of the order of C.%k. Tests reported in refer—
ence 1 for the X2 nose and for another nose indicated thet the mse of
fins with aspect ratios as low as 0.8 and 0.4, respectively, was not
desirsble bhecause they caused each nose toc agsume an attitude with 1ts
X—exig horizontal and to roll rapidly about this axis. A major differ—
ence between the low—espect—ratlio fins of reference 1 and those of the
mresent investigatlon, however, 1s that the present fins are farther
rearward of the center of gravity because of their extemnsion behind
the treakoff station, and it was felt that this would prevent the nose

____.-__--:l-—‘ "n‘.““ —
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from trimming harizontally so that it would have no opportunity to set
up & rolling rotation, This theory was borne out during the present
investigation in which the nose section showed no tendency to trim
horizontally and roll. As s further check on this reasoning, the fins
with an aspect ratio of 0.8 used on the X2 model in reference 1 were
reinstalled at a more rearward location so as to extend partly behind
the breakoff station, and the model in this condition damped any applied
rotation end descended stably nose down; a simllar result was obtained
with the other nose section mentioned in reference 1 with fins of aspect
ratio 0.4 instelled so as to extend behind the breakoff station.

The results of tests in whilch curved fins of three sizes
(arrangements A, B, and C in fig. 2) were added to the model Indicate
that when ths largest of the three sizes (fins C) were used, the model
demped any applied roitation and descended stebly nose down. The motion—
plcture strips in figure 5 show the model with curved fins C attached
as it demped an applied robtatlon about the Z body axis end descended
stably nose down. From the results of references 1 and 3, 1t appears
likely that if the nose center—of—gravity position could be moved
forward, correspondingly smaller fins could be used for stabillzation.

The motion—picture stripes in figure 6 show the behavior of the
model when curved fins B, which were not large enough to stabilize the
nose, were installed.

The £lat £ins of reference 1 were of triangular shape and did not
extend beyond the breskoff statlion, and they therefore can not be
directly compared to the curved fins of the presgent investigation. Im
an attempt to compare the relative effectlveness of curved and flat
fins, brief additional tests were made using flat fins (arrangements D
and E in fig. 2) attached in radial planes at the same positions on the
noge gsection as were the cirved fins. Although the results of these
tests indicated that slightly lsrger flins might be required if they
weore curved, subsequent Investigations have revealed that the difference
was primarily due to the ensuing decrease In mrojected asrea in the
radisl plane becsuse the curved fins were bent away from the stralght
fin positions. Tests on another model of a Jettlisonsble nose section
(data unpublished) indicated that if curved fins are installed so that
they have projected areas, in the plane of the flat fins, egual to the
flat—Lin areas, they are equally as effective.

Stabilization by Parachutes

A tabulation of the test results obtained when a parachute was
attached to the model without fins is contained in table IIT. For 211
bridle arrangements tested, it wae found that when the model with
parachute attached was released to float in the vertically rising air

e e e s S i N O OO -j
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stream the nose section descended with negligible rotation or oscil—
lation and trimmed at scme relatively small angle with the air stream.
A comparison of the various arrangements ig made on the basis of the
trim angle of the nose section. The three— and four—line bridles
caused the nose section to trim at smaller angles of attack and yaw
than the one— and two—line bridles. In a brief test made to determine
the effect of a misadjusted bridle, two bridle lines of a four—line
arrsngement were shortensd so that the model was deflected 10° from &
vertical attitude when hung up by the extension line. The misadjusted
bridle increased the angle that the nose section made with the relstive
wind but again no rotations were introduced.

Based on the four—line bridle test with the open parachute and on
an additional test made with the parachute reefed to give only one—hsalf
its original drag, the engles that the nose made with the relative wind
during the present tests agree quite closely with data taken in the
Wright Fleld vertical wind tumnel (reported in reference %) which show
the variation of the angle of attack of the nose with parachute drag.

CORCLUSIORS

Besed on the results of supplementery tests made in the

Langlsy 20—Ffoot free—spinning tunnel on a -11'5—-scale model of the

Jettisonable nose section of the Bell Xi-2 airplane, the following
conclusions sre drawn:

1. The nose section can be stabilized by the addition of curved
fing of sultable size,
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2. The Ppridle~line arrangement used in attaching = stabilizing
parachute to the nose sectlon does not apmreciably alter the effective—
ness of the parachute in mreventing rotations of the nose gection
during free fall.

Langley Aeronasutical Ieboratory
National Advisory Committee for Asronaubics
Langley Air Force Base, Va.

Roscoe H, win
Aeronautical Research Scientist

Approved: ,%W / M

Thomes A. Harris
Chief of Stabllity Research Dilvision
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TABIE I.,— COMPARTISON (OF THE MASS CHARACTERISTICS OF
THE li—SC.AI.'E MODEL. ARD THE FULI~SCAIE JETTISONABLE
5
NOSE SECTION OF THE BELL. X+ ATRFLARE
Moments of inertia about center
of gravity
Center—of—gravity | Welght
location _ (1v) Ix Ty 1z
(slug—£t2) | (slug-£t2) | (slug—£t°)
IModel values
Normal It
(0.6701) | 9™ 36 170 158
Alrplane values
Norma
T hony ot | 98e.8 30.8 184.3 163.1
IModel values are mresented in terms of full-scale values.
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TABLE IX.— RESULTS OF SUPFLEMENTARY FIN-STABILIZATION TESTS ON
THE EJ'E—SGAIE MODEL OF THE JETTISONAELE NOSE SECTION OF THE

X—o ATRPLANE IN THE LANGLEY 20-FOOT FREE-SPINNING TUNNEL

Fin .
arrangement Behavior of free—falling model
(see fig. 2)
Curved fins
A Model sometimes tumbled and sometimes oscillated
through an arc of 190° from a nose—down attitude
Model sometimes oscilllated through an arc of 190°
from a noge—down attitude, sametimes descended
B in a stable nogse—down ettitude, and once took up
a rapid rotation about a verticel wind axis
while rolling about its Z—axis
Model damped any applied rotation and descended in
c a sgtable nose—down attitude
Flat fins
_ Model damped any applied rotation and descended in
D a stable nose—down attitude
Model sometimes oscillated through an arc of +90°
E from a nose—down attitude and somebimes took
up a rotation about & vertlcal wind axis

W
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TABLE IIT.— RESULTS OF PARACHUTE STABILIZATION TESTS ON

1

THE E—SCM;E MODEL, OF THE JETTISONABLE NOSE SECTION

OF THEE X-2 ATRPTLANE IN THE LANGLEY

20-FOOT FREE-SPINNING TUNNEL

Type of bridle |Rate of descent |Angle of attack Angle of yaw
(see fig. 3) | (fps full-scalse) of nose of nose
(deg) (deg)
Four—line ool -5 L
Three—line a2k -3 3
Two—line 2ol -8 13
One—line o2l -8 10
1 our—1ine ook -7 N
2Four—1ine 283 -11 13

1myo of the bridle lines were shortened so that the model hung st
o 8T angle of attack of —10° when supported by extension lime.
Parachute reefed with drawstring arocund cenopy so as to give one—

half its orig

inal drag.

W
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Figure 1.- Fhotographe of the -]-%-scale model of the Jettlisomable nose

pection of the Bell X-2 a.irplane tested in the Langley 20-foot free-
spinning tunnel.
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Figure 2.~ Bketch of the l—s-scale wodel of the Jettimoneble nose section of the Bell X-2 alrpleme,

showing fin arrangements tested on the model.

menner similar to that shown for arrangement C (solid lines)

Ingtalled in a mammer similer to that shown

are full-gsecsale valuves.

Curved fins (A, B, and C) were inatalled in a
Fla.t fins (D and E) we
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Figure 3.~ Sketch of the %Bcala model of the Jettisoneble mose geotion of the Bell X-2 airplans
showing the various methods of attaching the parachutes. ALl dimensions are full-geale values.




NACA RM LOF22

S

Figure b.- Photograph showing the test section of the Langley 20-foot
free-spinning tunnel. A typical spln-tunnel ailrplsne model is shown

gpinning in the tumnel. -
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Figure 5.~ Moving-picture strips of tests of the %—scale model of the

Jettlsonable nose section of the X-2 airplane with fine C attached.

The model is shown as it damped an applled rotation about a vertical
wind axls and descended stably nose down. Camera speed was 32 Prames
per second.
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Figure 5.- Concluded.
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Figure 6.- Moving-picture strips of tests of the -]—_]=5--Ecale model of the

Jettisonable nose section of the X-2 alrplane with fins B attached.
The model 1s shown oscillating through an arc of approximately +90°
from a nose-down attltude. Camsre speed was 32 frames per second.
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Sub Ject

Bodies :

Airplanes — Specific Types

Stability, Longitudinal — Dynamic

Stability, Lateral and Directlonal — Dynamic
Mass and Gyroscopic Problems
Parachutes

Safety

Operating Problems, Physiological

ABSTRACT

Number
1.3
1.7.1.2
1.8.1.2.1
1.8.1.2.2
1.8.6
1.11

T.1

7.8

A supplementary investigation on the stablilization of the Jetti—
sonable nose gection of the X alrplane has been conducted in the
Iangley 20—foot free—spinning tunnel. Tt was found that the nose
gection could be stabilized by the addition of curved fins which could

be folded againgt the fuselage for normal flight.




